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METHODS 


1.  Subjects: 


Ten  male  subjects  volunteered  to  participate  in  this  study.  All  were 
recruited  prom  the  graduate  and  medical  student  population  oF  the  College  of 
Medicine.  One  of  the  original  subjects  was  dropped  from  the  study  due  to  the 
discovery  of  Raynaud's  phenomenon.  All  subjects  were  informed  of  the  purposes 
and  procedures  of  the  experiments  according  to  the  regulations  of  HHS  and  the 
Institutional  Review  Board  01  East  Tennessee  State  University.  Each  subject 
signed  an  Informed  Consent  Form,  and  these  were  placed  on  file  in  the  Department 
of  Physiology.  There  were  no  untoward  effects  resulting  from  any  of  the 
procedures  carried  out  in  this  study. 

A  summary  of  anthropometric  information  about  the  subjects  is  given  in 
Table  1  (see  page  29). 

Subjects  completed  a  brief  training  period,  lasting  2  weeks,  during  which 
they  learned  to  perform  the  L-1  straining  maneuver,  so  that  each  effort  would  be 
consistent,  and  to  perform  sustained  fatiguing  isometric  contractions  of  the 
hand-grip.  Each  subject  exerted  2  maximum  voluntary  contractions  (MVC)  on  a 
hand-grip  dynamometer  with  a  3  minute  recovery  period  between  each  maximum 
effort.  The  higher  tension  of  the  two  trials  was  taken  as  the  MVC.  Subjects 
then  exited  3  consecutive  fatiguing  contractions  at  40<  MVC  with  3  min  resting 
periods  between  each  contraction.  Fatigue  was  designated  at  that  time  when 
tension  could  not  be  maintained  on  the  target,  even  with  a  maximum  effort. 

2.  Chair  Apparatus: 

All  experiments  were  performed  in  a  version  of  a  pilot's  seat  that  had  a 
movable  foot  platform  and  movable  back  so  that  changes  could  be  made  in  the 
angle  between  the  spine  and  the  thigh  and  the  seatback  (see  Figure  1,  page  30)» 
Subjects  were  seated  in  the  chair  with  their  backs  against  the  seatback  and 
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restrained  In  this  fixed  position  by  a  lap  belt.  A  movable  footplate  wa3 
adjusted  for  each  subject  so  that  a  neucral  thigh-to-calf  angle  of  105-110°  was 
achieved.  The  length  of  foot-plate  required  for  each  of  the  subjects  is  listed 
in  Table  1.  Subjects  indicated  this  angle  felt  optimal  for  both  prolonged 
restra 7  'd  sitting  and  for  leverage  in  generating  force  by  the  legs.  The 
letter  p1  >ved  unnecessary  for  this  particular  study  since  subjects  were 
instructed  not  to  generate  any  external  net  force  by  their  legs  during  the  L-1 
maneuver.  A  force  transducer  was  connected  to  the  foot  platform  to  detect  the 
angular  force  generated  against  the  bottom  of  the  platform.  This  force  was 
measured  throughout  the  experimental  period  to  detect  any  alterations  during  the 
straining  in  comparison  to  the  resting  periods.  The  entire  foot  olatform  was 
raised  or  lowered  to  achieve  spine-to-thigh  angles  that  averaged  70°,  84°,  94° 
and  105°.  All  but  one  of  the  experiments  reported  here  were  conducted  with  the 
seatback  at  a  30°  angle  with  respect  to  a  perpendicular  plane  to  the  floor  (see 
Figure  1).  A  further  series  of  experiments  was  conducted  at  a  spine-to-thigh 
angle  of  105°  with  the  seatback  lowered  to  60°  to  determine  whether  this  would 
affect  the  EsoP  and  BP  generated  during  the  straining. 

3.  Physiological  Measurements: 

a)  Standard  LL  I  configuration  was  used  to  record  the 
electrocardiogram  from  subjects  on  a  Grass  Model  7  polygraph  for  30  sec  prior 
to,  during  the  15  sec  L-1  maneuvers  and  for  15  sec  following  the  maneuver  on 
each  subject  at  each  of  the  different  spine-to-thigh  angles.  Heart  rates  (HR) 
uere  calculated  from  5  sec  intervals  during  these  segments  and  expressed  as 
beats  .min-1  (bptn). 

b)  Electromyography  (EMG):  The  EMG  was  recorded  from  the  surface  of  the 
skin  over  the  following  muscle  groups:  right  intercostals  between  the  5uh  -  6^ 
intercostal  spaces;  the  right  lower  abdominal  quadrant  at  McBurney’s  point  (one- 
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third  the  distance  from  the  anterior  superior  iliac  spine  to  the  umbilicus); 
center  of  the  left  quadriceps;  center  of  the  right  biceps;  center  of  the  right 
calf  muscles;  and  the  right  pectorals.  The  skin  was  prepared  by  scrubbing  the 
surface  with  acetone.  Self  adhesive  silver-silver  chloride  electrodes  were 
placed  over  the  designated  muscle  groups,  electrode  leads  were  attached  and 
covered  with  non-allergenio  surgical  tape.  This  kept  the  electrodes  secured 
throughout  the  experiment.  Care  was  taken  to  place  the  electrodes  in  the  same 
spot  during  repeated  experiments.  Eleotrodes  were  attached  to  a  pre-amplifier 
(Teoa  Model  PA62T)  and  then  connected  into  an  electromyograph  (Teca  Model  M). 
The  raw  EMG  signal  was  displayed  on  an  oscilloscope  and  simultaneously  fed  into 
a  root  mean  squared  (rms)  converter  (Analog  Devices).  The  integrated  signal  was 
recorded  on  a  Fisher  Recordall.  The  sites  for  measurement  were  assigned  number 
designations  and  during  the  course  of  the  experiment  only  the  number  designation 
was  used  for-  identification  purposes.  This  helped  to  eliminate  any  bias  on  the 
part  of  the  subject  to  concentrate  on  any  one  particular  muscle  group.  Subjects 
were  instructed  to  remain  quiet  and  relaxed  prior  to  the  generation  of  L~1 
maneuvers.  Since  the  EMG  signal  was  negligible  during  these  resting  periods,  it 
wa3  taken  as  the  baseline  and  set  at  zero  signal  height.  The  change  in  muscular 
activity  due  to  tensing  was  then  measured  as  the  change  in  the  height  (in  cm)  of 
the  integrated  EMG  signal.  Typically,  a  1  cm  deflection  was  equivalent  to  7.8 
uvolts . 


Intraesophageal  Pressure  (Peso):  Intraesophageal  pressure  was  measured  from 
inflated  esophageal  balloons  attached  to  a  pressure  transducer  and  taken  to  be  a 
reflection  of  the  changes  that  occurred  in  intrathoraetc  pressure.  Respiratory 
balloons  were  secured  to  a  length  of  polyethylene  tubing  (PE205)  with  surgical 
suture.  The  end  of  the  tubing  covered  by  the  balloon  was  perforated  with  a 
series  of  1-2  mm  diameter’  holes  to  ensure  proper  transmission  of  pressure 
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ohanges.  The  appropriate  length  of  tubing  was  marked  for  mid-thoracic 
positioning  and  subjects  swallowod  the  balloon-catheter  assembly  by  first 
Inserting  It  through  the  nasal  opening.  0noo  the  balloon  was  swallowed  and 
placed  at  the  marked  length,  and  after  the  subject  was  seated  in  the  '♦pilot** 
chair,  the  assembly  was  attached  to  a  Statham-Gould  pressure  transducer  (P23b). 
The  pressure  signal  was  recorded  on  a  Grass  Model  7  Polygraph.  Baseline  was 
checked  electronically  with  the  balloon  deflated  and  after  Inflating  the  balloon 
with  13  ml  of  air  through  a  ground-glass  syringe.  The  position  of  the  tip  of 
the  catheter  was  verified  by  a  negative  intraesophageal  pressure  during  quiet 
breathing,  and  by  a  more  negative  defleotion  (downward)  during  inspiration  and 
less  negative  (upward)  deflection  during  expiration.  Peso  was  recorded  for  the 
!  entire  duration  of  the  experimental  period.  Subjects  kept  a  nose-olip  on  during 

the  measurement  periods  which  helped  to  reduce  movement  of  the  catheter  due  to 
spontaneous  esophageal  waves.  Peso  was  measured  during  the  30  sec  prior  to, 

| 

I 

j  during  the  15  sec  L-1  maneuvers  and  for  15  sec  following  tho  maneuvers.  Val.ue3 

|  for  Peso  were  averaged  from  2-3  breaths  during  the  rest  and  recovery  periods  and 

|  measured  at  the  start  and  end  of  each  segment  of  the  15  sec  L-1  maneuver  (i.e., 

at  the  0  sec  and  5  sec  mark,  at.  the  6  sec  and  10  sec  mark,  and  at  the  11  see  and 

15  sec  mark  of  the  L-1  maneuver). 

d)  Arterial  Blood  Pressure  (BP);  Direct  measurement  of  arterial  blood 
pressure  was  made  through  a  catheter  inserted  percutaneously  into  the  radial 
artery.  Sterile  procedures  were  followed  by  first  cleansing  the  catheterization 
field  with  alcohol,  and  then  by  scrubbing  the  area  with  a  betadine  solution.  The 
area  was  anaesthetized  by  a  subcutaneous  injection  of  2%  lidocaine.  A  Medl-Cut 
teflon  catheter  unit  was  filled  with  sterile  heparinized  9aline  and  inserted 
into  the  radial  artery  percutaneously  using  a  20g  needle.  Once  entry  was  made 
into  the  artery,  tne  needle  was  withdrawn  and  the  catheter  was  connected  to  a 
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constant-flow  sterile  heparinized  saline  drip  (3  ml/hr)  and  to  a  Statham-Gould 
pressure  transducer  (P23b)  by  way  of  a  sterile  3-way  stopcock.  Baseline  for  the 
pressure  signal  was  positioned  prior  to  the  insertion  of  the  catheter  with  the 
fluid-filled  system  and  calibration  of  the  cathetor-transducer  assembly  was  made 
prior  to  the  insertion  of  the  catheter.  Once  the  catheter  was  inserted,  the 
calibration  was  rechecked  to  assure  that  the  baseline  had  not  shifted.  The 
baseline  was  oheeked  a  final  time  at  the  end  of  the  experiment  for  each  subject. 
The  oatheter  wa3  secured  in  place  with  non-allergenic  surgical  tape  and  the  hand 
an*"'  lower  arm  were  fixed  to  a  styrofoam  support.  The  pressure  pulse  was  recorded 
continuously  during  the  experimental  period  on  a  Grass  Model  7  polygraph  and 
measurements  of  BP  were  taken  *0  sec  prior  to,  during  the  15  sec  L-1  maneuver 
and  15  sec  following  the  maneuver.  Mean  arterial  blood  pressure  (MBP)  was 
calculated  from  the  diastolic  plus  ono-third  of  the  pulse  pressure. 

<1 .  Experimental  Protocol t 

a)  Experiment  l  -  Part  On  the  day  of  the  experiment,  the  sets  of  ECG  and 
EMG  electrodes  were  applied  to  the  subjects.  Subjeots  put  on  an  anti-G  suit  and 
then  inserted  the  respiratory  balloon.  The  subject  was  positioned  Into  the 
"pilot's"  chair  with  the  seatback  fixed  at  an  angle  of  30°  and  the  thigh  to  leg 
angle  at  110°.  The  intra-arterial  oatheter  was  inserted  into  the  left  radial 
artery.  Subjects  tested  for  15  min  before  beginning  the  serios  of  L-1 
maneuvers.  During  the  last  30  sec  of  this  period,  ECG,  EMG,  Peso  and  BP  were 
recorded  for  measurement  of  there  parameters.  Subjects  were  then  instructed  to 
exert  the  L-1  maneuver  with  whole  body  tensing  for  15  sec  with  the  foot-platform 
positioned  so  that  the  spine-to-thlgh  angle  was  either  70°,  0 B° ,  9M°  or  109°. 
For  the  L-1  maneuver,  subjects  were  given  a  count-down,  instructed  to  initiate 
the  straining  and  at  the  5  3ec  and  10  sec  mark  to  take  a  breath  and  to  generate 


a  straining  effort  again.  They  were  given  a  signal  to  stop  the  maneuver  at  the 
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15  see  mark.  Observation  of  the  subjoots  assured  that  each  effort  after  the 
breath  at  5  and  10  sec  was  consistent  with  the  first.  Subjects  were  instructed 
and  reminded  to  keep  the  loft  arm  (with  tho  arterial  catheter)  as  relaxed  as 
possible  to  avoid  any  artifact  in  the  pressure  pulse  tracing  that  might  result 
from  musc-tii ar  tensing  of  that  arm.  The  order  of  the  splne-to-thigh  angle  was 
randomized.  In  addition,  the  order  of  recording  BMG  from  the  various  muscle 
groups  was  randomized  and  as  explained  above,  only  numbered  designated  sites 
ware  used  for  identification  purposes.  A  variable  resting  period  was  allowed 
following  the  completion  of  a  straining  maneuver  to  permit  BP  to  return  to 
resting  conditions  before  the  next  straining  maneuver  at  a  different  angle  was 
performed.  A  flow  diagram  illustrating  the  procedures  used  for  these 
experiments  is  shown  in  Figure  2.  The  matrix  illustrating  the  order  for  the 
various  spine-to-thigh  angles  is  givens 
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Part  Prior  to  starting  the  straining  maneuvers,  subjects  were 
instructed  to  remain  relaxed  and  the  anti-G  suit  was  inflated  for  15  sec  at  4 
PSI.  This  was  done  to  determine  what  effect  inflation  of  the  suit  would  have  on 
HR  and  BP.  The  3ame  procedure  was  followed  for  Part  B  of  the  experiment  as 
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for  Part  A  as  described  above,  with  the  exception  that  upon  the  onset  of  the  L-1 
maneuver,  the  anti-G  suit  was  simultaneously  inflated  to  ^  PSI  from  a  compressed 
gas  tank.  The  suit  remained  constantly  inflated  at  this  pressure  for  the  entire 
15  sec  period  and  was  simultaneously  deflated  when  the  subject  was  instructed  to 
relax  (see  Figure  2). 

At  the  comoletion  of  the  *1  spine- to-thigh  angles,  subjects  were  then  asked 
to  perform  the  following  control  procedures:  1)  the  arm  containing  the  arterial 
catheter  was  tensed  for  15  sec  to  the  same  extent  (as  assessed  by  the  EMG)  that 
subjects  tensed  the  rest  of  their  muscles  during  the  L-1  maneuver.  The  subjects 
were  instructed  to  talk  to  the  observers  so  that  no  breath  holding  or  chest 
fixing  could  occur.  This  experiment  was  intended  to  determine  whether  arm 
tensing  would  itself  alter  the  BP  or  in  any  way  alter  the  signal  recorded.  2) 
Whole  body  tansing  was  performed  for  15  see  with  the  same  degree  of  effort  that 
was  generated  during  the  L-1  maneuver  with  the  exception  that  subjects  were 
instructed  to  talk  to  the  observers  to  minimize  breath-holding  or  chest-fixing. 
The  intention  was  to  determine  what  effect  muscle  tensing  without  increases  in 
intrathoraclc  pressure  would  have  on  BP.  3)  Subjects  were  instructed  to 
perform  a  Valsalva  maneuver  for  15  sec  using  the  same  starting  inspiratory 
effort  they  did  for  the  L-1  maneuver  without  any  body  tensing.  The  intention 
was  to  determine  what  effect  positive  intrathoraclc  pressure  for  15  sec  would 
have  on  HR  and  BP. 

Following  a  5-10  min  recovery  period,  the  foot-platform  wa3  positioned  for 
the  105°  angle  and  the  seatback  altered  to  60°  and  the  subject  exerted  an  L-1 
maneuver  as  described  above. 


b'  Experiment  2^  Part  A  For  this  experiment,  all  subjects  were  prepared  as 
described  above  for  the  protocol  in  Experiment  1.  However,  subjects  exerted  2 
maximum  voluntary  contractions  (MVC)  using  a  hand-grip  dynamometer  before  they 
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began  their  preparation  and  set-up  for  the  straining  experiment.  They  repeated 
the  procedure  followed  as  described  for  Experiment  1  Part  A  with  a  different 
randomized  order  for  the  splne-to-thigh  angles.  The  matrix  describing  this  was 
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At  the  completion 

of  the 

fourth 

angle, 

subjects  were  then 

instructed  to  perform 

a  sustained  hand-grip  contraction  at  40$  MVC  to  fatigue.  Four  of  the  subjects 
(A,  C,  D  and  G)  participated  in  preliminary  experiments  in  which  they 
simultaneously  exerted  hand-grip  contractions  at  either  30,  40  or  50$  MVC  during 
the  L-1  straining  maneuvers  to  determine  whether  BP  would  respond  differently 
when  isometric  muscle  contractions  at  low  to  high  tensions  were  applied. 

Part  B:  The  same  protocol  was  followed  for  inflation  of  the  G-suit  as 
described  for  Experiment  1,  and  the  same  4  subjects  additionally  exerted 
simultaneous  hand-grip  contractions.  At  the  completion  of  the  fourth  angle, 
subjects  again  exerted  a  sustained  hand-grip  contraction  at  40$  MVC  to  fatigue. 


5.  Data  Analysis: 

The  values  measured  for  Peso,  HP,  MBP  and  EMG  were  averaged  for  each 
subject  for  Part  A  of  both  experiments  and  for  Part  B  of  both  experiments,  with 
the  exception  of  the  4  subjects  who  performed  the  preliminary  procedure 
involving  simultaneous  hand-grip  and  L-1  maneuvers.  An  average  of  each  of  the 
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physiological  parameters  was  made  from  the  9  subjects  for  Part  A  and  for  the  6 
subjects  who  did  not  perform  simultaneous  handgrip  contractions  during  Part  B. 
Values  given  are  the  means  ♦  SEM.  Significance  was  determined  from  analysis  of 
variance  for  paired  data  for  the  changes  in  these  parameters  during  the  course 
of  the  L-1  straining  maneuver  and  between  the  different  angles.  Student's  T 
test  for  paired  data  was  used  to  determine  the  level  of  significance  between 
Part  A  and  Part  B.  Significance  was  achieved  when  P<0.05.  The  relationship 
between  changes  in  Peso  and  MBP  was  determined  from  regression  analysis  for  the 
individual  pressure  measurements  for  each  subject  for  Part  A  and  B. 
Significance  was  achieved  when  a  correlation  coefficient  was  0.5  or  higher. 
Computer  generated  diagrams  for  this  analysis  are  given  in  Figure  7. 
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A  section  of  the  recording  measuring  force  applied  to  the  foot  platform, 
ECG,  DP  and  Peso  is  shown  in  Figure  3*  This  demonstrates  the  typical  changes  in 
the  above  parameters  occurring  in  response  to  an  L-1  straining  maneuver  applied 
at  one  of  the  spine-to-tbigh  angles  with  the  seatback  at  30°.  The  onset  of  the 
maneuver,  indicated  by  the  marker  shown  in  the  time  par.al ,  was  associated  with 
the  abrupt  positive  increase  in  Peso  and  BP.  There  was  no  significant  force 
applied  to  the  foot  platform  during  the  L-1  maneuver.  Heart  rate  increased 
progressively  over  resting  levels  from  the  beginning  to  the  end  of  the  straining 
maneuver  and  then  slowed  during  the  first  15-20  sec  of  the  recovery  period 
immediately  after  the  release  of  the  L-1  maneuver.  This  was  characteristic  for 
the  majority  of  the  subjects.  The  arterial  blood  pressure  increased 
dramatically  at  the  onset  of  the  straining  maneuver,  but  during  the  next  H-5 
sec,  steadily  declined  until  the  subject  took  a  breath  and  applied  the  straining 
maneuver  again.  The  BF  remained  fairly  constant  during  the  6th  -  10^  sec  of 
the  maneuver,  as  indicated,  and  then  showed  the  same  pattern  during  the  11th  - 
15th  sec  as  it  did  during  the  first  5  sec  of  the  maneuver.  Pulse  pressure 
decreased  during  0-5  sec  from  resting  values,  remained  essentially  the  same 
for  the  remainder  of  the  maneuver  and  then  significantly  increased  during  the 
first  15  sec  of  the  recovery  period  after  the  release  of  the  maneuver,  as  can  be 
seen  in  the  tracing.  This  was  due  to  an  increase  in  the  systolic  blood  pressure 
and  a  decrease  in  the  diastolic  blood  pressure.  Esophageal  pressure  remained  at 
or  slightly  below  atmospheric  (taken  as  0  mm  Hg)  during  quiet  breathing  at  rest. 
It  decreased  (i.e.,  closer  to  0  mm  Hg)  during  expiration  and  increased  (i.e., 
became  more  negative)  during  inspiration.  Esophageal  pressure  became  abruptly 
positive  at  the  onset  of  the  L-1  maneuver  as  the  subjects  attempted  to  expel  air 
against  a  closed  glottis  with  whole  body  tensing.  Even  though  the  straining 
effort  was  maintained,  Peso  fell  during  the  three  segments  of  the  L-1  maneuver, 


but  remained  positive.  Esophageal  pressure  returned  to  resting  levels  within 
one  to  two  breaths  at  the  release  of  the  straLning  effort. 

1 .  Esophageal  Pressure: 

The  peak  intraesophageal  pressure  ( intrathoracio)  achieved  without  an 
inflated  G-suit  at  the  onset  of  the  L-1  maneuver  averaged  117  +  5  mm  Hg  as  3hown 
in  Figure  *»A.  Within  the  first  5  sec  of  the  straining,  the  pressure  fell  by  3^ 
mm  Hg  to  average  of  83  +  3  mm  Hg  (P< 0.0 1 ).  Following  the  breath  taken  at  the  5 
sec  mark,  pressure  recovered  to  about  100  mm  Hg  but  then  progressively  fell 
during  the  next  5  see  by  25  mm  Hg.  The  same  pattern  was  3een  for  the  last  5  sec 
of  the  maneuver  (i.e.,  from  11-15  see)  with  the  resulting  Peso  averaging  70  + 
1  mm  Hg.  The  changes  in  Peso  were  unaffected  by  the  different  spine-to-thigh 
angles . 

The  peak  Peso  achieved  at  the  onset  of  the  L-1  maneuver  with  the  G-suit 
inflated  averaged  103  ♦  6  mm  Hg  and  this  declined  within  the  first  5  sec  of  the 
maneuver  by  20  mmHg  to  83  ♦  10  mm  Hg  (P  0.05),  as  shown  in  Figure  4B.  The  same 
pattern  of  change  in  Peso  occurred  during  the  straining  maneuvers  with  the  G- 
suit  inflated  as  it  did  without  the  G-suit  inflated.  There  was  no  significant 
difference  in  the  peak  Peso  achieved  at  the  onset  of  the  L-1  maneuver  with  or 
without  the  G-3Uit  inflated  (P  0.05),  nor  between  any  of  the  Peso  measured  when 
the  G-suit  was  inflated. 

The  Peso  returned  to  resting  levels  quickly  after  the  maneuver  was  ended. 
The  decline  in  Peso  during  ihe  5  sec  segments  of  the  L-1  maneuver  was  not  due  to 
lack  of  effort  by  the  subjects,  as  indicated  by  the  maintenance  of  the  EMG 
during  the  maneuver  (see  Figures  8-10).  The  decline  in  the  Peso  during  the  5- 
sec  segments  of  the  L-1  maneuver  is  similar  to  the  changes  in  Peso  which  were 
measured  during  a  Valsalva  maneuver  with  no  body  tensing  (see  Tigure  14). 
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2.  Heart  Rate 


Heart  rates  increased  steadily  during  the  straining  maneuver  by  about  50 
bpm  from  resting  levels  of  80  bpm  to  peak  levels  of  132  bpm  at  the  end  of  the 
straining  effort,  as  shown  in  Figure  5.  There  was  no  effect  on  the  HR  attained 
with  the  inflation  of  the  anti-G  suit,  as  shown  in  Figure  5B  and  the  changes  in 
HR  were  independent  of  the  spine-to-thigh  angle.  The  HR  at  the  end  of  the 
straining  maneuver  was  significantly  higher  than  at  rest  (PC0.001).  Heart  rate 
declined  to  102  +  5  bpm  with  the  G-suit  deflated  and  to  112  ♦  7  bpm  with  the  G- 
suit  inflated  (P>0.05)  15  sec  after  the  L-1  maneuver. 

3.  Arterial  Blood  Pressure 

The  changes  in  mean  arterial  blood  pressure  (MBP)  are  shown  in  Figure  6. 
The  resting  MBP  was  1 15  +  2  mm  Hg  (Part  A)  and  108  +  3  mmHg  (Part  B)  before  the 
start  of  the  straining  maneuvers.  This  was  higher  than  the  MBP  measured  by 
auscultation  during  resting  periods  on  training  days,  which  averaged  91*  +  2  mm 
Hg.  This  difference  (PC0.05)  was  probably  due  to  the  apprehension  associated 
with  the  experimental  protocol  for  these  experiments;  this  was  the  first  time 
most  of  the  subjects  swallowed  an  esophageal  balloon  and  none  of  the  subjects 
previously  had  undergone  arterial  catheteriw-tion. 

As  can  be  seen  in  Figure  8,  the  changes  in  MBP  were  independent  of  the 
spine-to-thign  angle.  The  peak  MBP  occurred  at  the  onset  of  the  straining 
maneuver,  averaging  195  +  5  nun  Hg  with  the  G-suit  deflated  and  1 87  +  3  mm  Hg 
inflated.  These  values  were  not  significantly  different  (P>  0.05).  Pressure 
fell  by  30-35  ram  Hg  to  an  average  of  162  mm  Hg  (G-suit  deflated)  and  to  158  mm 
Hg  (G-suit  inflated)  respectively,  during  the  first  5  sec  of  the  L-1  maneuver. 
This  decrement  was  significant  (P<0.05  )  for  both  conditions.  The  MBP  remained 

at  this  level,  averaging  160-165  mm  Hg  for  the  next  5  sec  of  the  maneuver  and 
then  recovered  to  levels  near  180  mm  Hg  for  the  last  5  sec  of  the  maneuver. 


The  fall  in  the  MBP  during  the  Initial  part  of  the  maneuver  (i.e.,  0-5  sec) 
resembles  the  changes  in  MBP  during  a  Valsalva  maneuver  (see  Figure  1M).  This 
pattern  is  indicative  of  impeding  the  venous  return  due  to  the  high  positive 
intrathoraoie  pressure,  a  fall  in  cardiac  output  and  thus  the  decrease  in 
arterial  pressure  and  the  compensatory  reflex  increase  in  HR  (see  Figure  5). 
The  pattern  during  5-10  see  and  10-15  sec  of  the  maneuver  may  be  clue  to  two 
mechanisms.  First,  the  breath  allows  for  some  venous  return  from  the  periphery 
and  second,  there  may  be  some  compensatory  shift  of  blood  volume  from  the 
pulmonary  circulation  into  the  left  heart.  This  compensatory  shift  would  not 
occur  immediately  upon  the  initiation  of  the  L-1  maneuver,  but  later,  probably 
by  the  10-15  sec  period.  The  suggestion  that  venous  'turn  is  compromised 
during  the  L-1  maneuver  is  supported  by  the  changes  in  the  pulse  pressure  (the 
difference  between  systolic  and  diastolic  blood  pressures)  which  occurred. 
While  pulse  pressure  averaged  57  +  8  mm  Hg  at  rest,  if  decreased  to  *19  +  7  mm  Hg 
by  the  end  of  the  maneuver,  but  then  increased  significantly  over  resting  values 
(P<0.05)  to  83  +  12  mm  Hg  15  sec  after  the  release  of  the  straining  maneuver. 
The  recovery  period  (at  15  sec)  was  also  characterized  by  a  marked  decrease  in 
heart  rate  (see  Figures  2  and  5).  These  two  cardiovascular  parameters  indicate 
increases  in  venous  return  upon  release  of  the  straining  maneuver,  allowing  for 
enhanced  filling  of  the  heart.  This  response  is  manifested  by  the  increasing 
systolic  pressure,  signifying  the  greater  stroke  volume,  and  a  fall  in  diastolic 
pressure,  indicating  withdrawal  of  sympathetic  tone. 

While  the  inflation  of  the  antl-G  suit  to  ^  PSI  at  rest  caused  no  change  in 
HR  or  Peso,  there  was  a  20  mm  Hg  increase  j  n  MBP  at  the  onset  cf  the  inflation 
(see  Figure  111.  This  effect  wa3  evidently  insufficient  to  counteract  tne 
effects  of  high  intrathoraoie  pressure  on  the  impedance  of  venous  return.  The 
data  in  Figure  7  indicate  the  relationship  between  changes  in  Peso 
(intrathoraoie  pressure)  and  arterial  blood  pressure.  The  relationship,  as 
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described  from  the  equations  listed  in  Figure  7,  was  not  affected  by  inflation 
of  the  G-suit.  The  correlation  coefficient  for  the  relationship  between  MBP  and 
Peso  when  the  G-auit  was  deflated  was  0.518.  Student’s  T  was  found  to  be 
significant  (P<0.001),  The  regression  analysis  for  the  relationship  between  MBP 
and  Peso  when  the  G-suit  was  inflated  yielded  a  correlation  coefficient  of  0.460 
and  Student's  T  test  also  indicated  significance  (P<0.00,1).  Both  analyses 
indicated  (from  the  slope  of  the  lines)  there  was  a  relatively  small  increase  in 
the  MBP  for  a  given  change  in  Peso.  When  data  were  analyzed  for  the 
relationship  between  MBP  and  Peso  at  individual  spine-to-thigh  angles,  similar 
regression  equations  resulted.  At  70°,  y  =  0.27  X  +  151.1,  r  =  0.454;  at  64°, 
y  =  0.32  X  +  145.9,  r  =  0.499;  at  94°,  y  =  0.38  X  +  139-7,  r  s  0.525;  and  at 
105°,  y  =  0.25  X  +  148.5,  r  =  0.368.  These  data  indicate  that  Peso  will 
contribute  to  the  change  in  MBP  during  the  L-1  maneuver. 


Activitv 


The  EMG,  integrated  for  the  root  mean  square  of  the  signal,  indicated  that 
all  six  muscle  groups  tested,  pectorals,  biceps  (Figure  8),  lntercostals, 
abdominals  (Figure  9),  quadriceps  and  calf  (Figure  10),  contributed  to  the  whole 
body  tensing  during  the  L-1  maneuver.  As  with  the  other  physiological 
parameters  measured,  the  changes  in  EMG  activity  were  independent  of  the  spine- 
to-thigh  angle.  All  muscle  groups  showed  the  same  response.  Upon  the  onset  of 
the  L-1  maneuver,  when  muscle  tensing  was  initiated,  the  EMG  signal  increased 
abruptly  and  then  remained  constant  for  the  15  sec  maneuver.  This  indicated 
that  no  one  muscle  group  was  fatiguing.  The  change  in  the  EMG  signal  was 
similar  for  all  muscle  groups,  with  the  exception  of  the  signal  recorded  from 
the  quadriceps,  and  the  biceps.  These  signals  were  slightly  higher,  though  not 


significantly  higher  than  the  others  and  may  be  due  to  the  larger  muscle  mass  in 


the  ease  of  the  quadriceps  and  their  proximity  to  the  surface  of  the  body.  The 
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similarity  of  the  EMG  recorded  from  these  various  muscle  groups  Indicates  that 
all  contributed  fairly  equally  to  the  tensing  action  during  the  L-1.  The 
consistent  signal  throughout  tne  duration  of  the  L-1  indicated  that  the  effort, 
due  to  muscle  tensing,  remained  constant  for  the  entire  straining  maneuver. 

This  is  important  since  It  indicates  that  the  fall  in  Peso  and  MBP  were  not  due 
to  a  decrement  In  the  straining  effort  made. 
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5.  Physiological  Changes  During  Tensing  without  L-1 

In  order  to  determine  whether  the  blood  pressure  signal  recorded  would  be 
altered,  and  thus  affect  the  results  reported  by  any  muscular  tensing  of  the  arm 
containing  the  arterial  catheter,  subjects  were  instructed  to  specifically  tense 
this  arm  to  the  same  extent  they  tensed  the  rest  of  their  body  during  the  L-1 
maneuver.  There  was  no  damping  of  the  pressure  pulse  as  a  result  of  this 
procedure.  Figure  12  shows  the  changes  in  HR  and  MBP  that  occurred  in  response 
to  arm  tensing  alone.  Heart  rate  increased  by  13  bpm  (P>0.95)  while  MBP 
increased  by  13  mm  Hg  upon  the  start  of  the  arm  tensing  (P<0.001),  and  remained 
elevated  above  the  resting  value  by  some  10  um  Hg  (P<0.02).  This  procedure 
indicated  that  the  technique  used  to  record  arterial  pressure  wa3  not  affected 
by  muscular  tensieg  that  may  have  occurred  during  the  15  sec  straining  maneuver, 
and  that  the  decrement  In  blood  pressure  seen  especially  during  the  period  0-5 
sec  of  the  L-1  maneuver  was  not  due  to  a  damping  of  the  signal. 

Since  changes  in  Peso  in  and  of  themselves  will  affect  the  arterial  blood 
pressure,  it  was  important  to  determine  what  contribution  to  the  elevation  of 
blood  pressure  during  the  L-1  maneuver  was  due  to  low  tension  muscular 
contraction  of  the  entire  body.  In  order  to  determine  this  influence,  subjects 
were  Instructed  to  tense  their  bodies  as  they  did  during  the  L-1  maneuver,  but 
they  were  required  to  talk  to  the  observers  so  that  only  limited  chest  fixation 
or  Increases  in  Pe30  could  occur.  The  results  of  this  procedure  are  shown  in 
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Figure  13.  Whole  body  tensing  increased  HR  by  some  35  bpm  above  resting  levels 
(P<0.001)  by  the  end  of  the  15  sec  period.  This  is  in  comparison  to  the  50-60 
bpm  increment  in  HR  during  the  L-1  maneuver.  The  change  in  HR  mediated  by 
increased  sympathethic  tone  during  tensing  may  be  due  to  the  increased  metabolic 
rate  that  occurs  in  response  to  this  low  level  muscular  activity,  and  the 
alterations  in  local  blood  flow  that  must  occur  in  response  to  this.  The  MBP 
increased  by  some  35-**0  mm  Hg  (P<0.001)  as  a  result  of  whole  body  tensing.  This 
is  in  comparison  to  the  85-90  mm  Hg  increment  in  MBP  seen  Initially  in  response 
to  the  L-1  maneuver. 

6.  Physiological  Changes  During  Valsalva 

It  became  clear  that  the  L-1  maneuver  was  imposing  a  complex  reflex 
response  on  the  cardiovascular  system  that  partially  resembled  the  events  that 
occur  during  a  Valsalva  maneuver.  Subjects  were  instructed  to  exert  a  Valsalva 
maneuver  for  15  sec  without  the  whole  body  tensing  that  accompanied  the  L-1 
maneuver  to  determine  whether  the  changes  in  HP  and  BP  would  be  similar.  The 
results  of  this  procedure  are  shown  in  Figure  1*1.  The  Peso  generated  at  the 
onset  of  the  Valsalva  (84  ♦  10  mm  Hg)  was  similar  to  the  tntrathoracic  pressure 
generated  at  the  start  of  the  L-1  maneuver.  The  Peso  fell  by  some  40  mm  Hg 
during  the  Valsalva  which  was  similar  to  the  35  mm  Hg  pressure  drop  measured 
during  the  L-1  maneuver.  Mean  blood  pressure  increased  by  about  55  ram  Hg  at  the 
onset  of  the  Valsalva  and  then  declined  by  35-40  mm  Hg  by  the  end  of  the 
maneuver.  This  pattern  was  quite  similar  to  that  described  for  the  pressure 
changes  in  response  to  the  L-1  maneuver.  Similarly,  the  HR  increased 
progressively  during  the  Valsalva,  just  as  it  did  during  the  L-1  maneuver. 

These  data  Indicate  that  the  cardiovascular  system  is  responding  to  the  L-1 
maneuver  in  a  manner  that  is  quite  similar  to  the  adjustments  made  in  response 
to  a  Valsalva  stress.  If  the  changes  in  MBP  due  to  whole  body  tensing  and  the 
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inital  changes  seen  in  response  to  the  Valsalva  are  combined,  then  the 
transitory  changes  in  MBP  that  ocour  during  the  L~i  maneuver  can  be  accounted 
for. 

7.  Physiological  Changes  During  L-1  Maneuver  at  6(£  seatbaok 

Subjects  performed  the  L-1  maneuver  at  a  spine-to-thigh  angle  of  105°  with 
the  seatbaok  at  60°  to  vertical  (see  Figure  1)  to  determine  whether 
configuration  of  the  seatbaok  would  alter  the  physiological  responses  to  the  L-1 
maneuver.  As  can  be  seen  from  Table  2,  there  was  no  significant  difference  in 
the  Peso,  HR  or  MBP  achieved  during  the  L-1  with  the  chair  in  this  configuration 
when  compared  to  the  levels  achieved  with  the  subject  in  a  chair  with  a  30° 
seatbaok . 

8.  Arferial  Blood  Pressure  During  the  L-1  and  Isometric  Handgrip  Exercise 

The  data  resulting  from  the  specified  protocol  indicated  that  the  potential 
contribution  to  the  elevation  of  MBP  by  high  tension  muscular  contraction  was 
not  being  utilized  effectively  when  instructing  pilots  simply  to  tense  their 
bodies.  Preliminary  experiments  were  conducted  on  4  of  the  subjects  during  the 
repeat  experiments  during  which  they  simultaneously  applied  the  L-1  maneuver  and 
handgrip  isometric  contractions  at  30#,  40#  and  50#  MVC.  As  Indicated  in  Table  j 
and  Figure  15,  applying  isometric  handgrip  contractions  at  low  tensions,  30#  end 
*10#  MVC,  during  the  L-1  were  ineffective  in  maintaining  or  elevating  MBP  above 
the  levels  seen  in  response  to  the  L-1  alone.  Performing  isometric  handgrip 
contractions  at  50#  MVC  however,  were  effective  in  maintaining  and  during  the 
latter  stages  of  the  L-1  maneuver,  in  elevating  the  MBP  significantly.  Figure 
15  shows  that  this  amounts  to  an  average  of  25  mm  Hg  higher  than  the  MBP  during 
the  L-1  alone.  If  similar  blood  pressures  were  achieved  under  G-stress,  this 
would  allow  tolerance  of  1  G  more  than  can  be  achieved  with  the  L-1  maneuver 
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In  one  subject, who  initially  performed  handgrip  contractions  at  70 1  MVC 


with  15 

seo  L-1 

maneuvers ,  the  MBP 

followed  this 

pattern; 

Rest 

0-5  sec 

5-10  sec 

10-15  sec 

Recovery 

mm  Hg 

118 

197-^152 

1*»8-»181 

208-»232 

127 

In  this  same  subject,  the  pattern  of  blood  pressure  during  the  L-1  maneuver 
alone  followed; 

mm  Hg  109  180-*137  151-*138  180-*- 170  111 

This  suggests  that  the  higher  the  tension  and  thus  the  quicker  the  onset  of  the 
pressor  response  due  to  muscle  contractions,  the  greater  13  the  additive  (or 
possibly  a  synergistic)  effect  of  simultaneous  isometric  muscle  contraction  and 
the  L-1  maneuver  in  the  maintenance  of  arterial  blood  pressure. 
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DISCUSSION 


The  main  findings  of  this  study  address  questions  regarding  changes  In 
pilot  seat  configuration  and  how  these  differences  might  affect  +0.7,  tolerance 
which  occur  during  aerial  combat  maneuvers.  We  found  that  altering  pilot 
configuration  from  a  more  closed  orientation,  with  a  spine-to-thigh  angle  of  70° 
with  knees  closer  to  the  chest,  to  a  more  open  position,  with  a  spine-to-thigh 
angle  of  105°,  did  not  affect  the  ability  of  the  L-1  maneuver  bo  elevate 
arterial  blood  pressure  at  1  G,  when  subjects  wore  soatod  at  a  30°  3eatback 
angle.  We  also  found  that  placing  the  subjects  In  a  more  supine  position,  with 
the  seatback  at  a  60°  anglei  did  not  affect  the  blood  pressures  generated  'n 
response  to  the  L-1  maneuver. 

This  study  also  attempted  to  determine  the  relative  contribution  to  the 
elevation  In  blood  pressure  attributable  to  changes  in  intrathoraolo  pressure 
and  to  whole-body  muscular  tensing.  Experiments  were  performed  with  and  without 
the  use  of  an  antl-G  suit. 

It  Is  well  documented  that  maneuvering  a  high  performance  aircraft  places 
extreme  stress  on  the  cardiovascular  system  and  that  physiological  limitations 
of  the  card iovasoular  system  may  be  exceeded  by  the  performance  capabilities  of 
the  aircraft.  Exposure  to  repeated  and  susta'oed  acceleration  forces  in  the 
head-to-foot  direction  (+07,1  can  be  made  more  tolerable  by  the  use  of  protective 
devices  such  as  the  anti-G  suit  ana  the  performance  of  protective  straining 
maneuvers  3ueh  as  the  L-1  and  M-1.  The  l.*  1  maneuvt winch  was  examined  in  this 
study,  uses  tensing  of  abdominal  and  who)'1  body  skeletal  muse* os  with  a  Valsalvt 
maneuver  against  a  totally  closed  glottis  (1). 

The  measurement  or  the  changes  in  intrathoraoic  pressure  (ii.t rt-esophageal 
pressure),  arterial  blood  pressure  and  iiuurl  rate  during  L-1  maneuvers  indicate 

1  G-see  periods  of  susts  ned  Valsalva  action,  compromises  are 


that  even  within  the 
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mnde  by  thv>  cardiovascular  system  which  may  not  afford  the  pilot  adequate 
acceleration  protection,  if  that  acceleration  profile  13  sustained  lunger  than  5 
sec  and  consists  of  increasing  +G2  forces  over  that  period  of  time,  The  peak 
mean  blood  pressure  was  achelved  at  the  onset  of  the  L-1  maneuver,  as  indicated 
in  Figure  6,  and  amounted  to  195  +  5  mm  Hg  with  the  subjects  in  an  upright 
position  (aeatback  at  30°)  and  the  G-sult  not  inflated.  The  mean  blood  pressure 
measured  at  the  onset  of  the  L-1  maneuver  with  subjects  In  an  upright  position 
and  the  anti-G  suit  inflated  to  *1  psi  averaged  18?+  3  mm  Hg,  These  values  were 
not  significantly  different.  In  addition,  the  peak  mean  blood  pressure 
generated  by  subjects  in  a  supine  position  (60°  seatback)  were  not  different 
from  these  levels.  Thus  generation  of  the  L-1  maneuver  by  well  motivated  and 
trained  subjects  should  permit  tolerance  of  +5  to  +6  Gz  without,  the  aid  of  the 
anti-G  suit  under  acceleration  conditions.  However,  within  5  sec,  mean  blood 
pressure  fell  by  30  -  35  mm  Hg  in  both  seatback  configurations,  regardless  of 
the  inflated  anti-G  suit.  This  amounts  to  a  loss  of  1  o  tolerance.  These  data 
are  interesting  in  view  of  the  findings  from  previous  studies.  Wood  et  al  (2) 
indicated  that  In  an  acceleration  of  +5  Gz,  a  venous  pressure  of  250  mm  Hg  at 
foot  level  would  be  required  to  maintain  venous  return  in  a  relaxed  (non¬ 
straining)  subject.  With  relaxed  subjects  undergoing  30  sec  of  +*<  and  +5  Gz  in 
a  centrifuge,  systol ic  blood  pressure  was  involuntarily  increased  to  nearly  200 
mm  Hg  after  the  initial  5  sec  of  +G  onset.  Elevation  of  systolic  blood  pressure 
was  due  to  increses  in  abdominal  pressure,  which  approached  125  mm  Hg  at  +*1.5 
Gz  acceleration.  This  was  possible  because  the  abuominal  contents  behave  like  a 
hydrostatic  system  with  the  diaphragm  acting  as  the  upper  surface  (3), 
Alterations  in  the  height  of  the  diaphragm  produce  correspond i ng  changes  in 
abdominal  pressure.  It  is  also  known  that  increases  in  airway  pressure  caused 
by  forced  expiration  against  a  closed  glottis  produces  simultaneous  increases  in 
abdominal  and  intrapleural  pressure  (Ji).  These  pressure  changes  are  transmitted 
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to  the  peripheral  systemic  arterial  system  producing  corresponding  increases  in 
systolic  and  diastolic  blood  pressures.  Our  results  show  a  positive  correlation 
between  the  changes  in  intrathoracic  pressure  and  the  changes  in  arterial  blood 
pressure  (see  Figure  7).  Maintenance  of  high  intrathoracic  pressures,  as 
occurred  during  the  L-1  maneuver  in  our  subjects,  and  high  intra-abdominal 
pressures  began  to  impede  venous  return  within  5  sec,  and  arterial  blood 
pressure,  while  remaining  elevated  above  resting  levels,  fell  during  the  initial 
5  sec  of  the  maneuver.  The  physiological  responses  described  in  Figures  4-6 
are  characteristic  of  the  changes  that  occur  during  sustained  Valsalva  maneuvers 
(see  Figure  14).  The  decreasing  venous  return  and  fall  in  cardiac  output  are 
reflected  by  the  decrease  in  pulse  pressure  and  the  compensatory  increase  in 
heart  rate,  as  shown  in  Figures  3  and  5.  The  release  of  the  L-1  is 
characterized  by  an  Increase  in  the  pulse  pressure  and  a  decrease  in  heart  rate. 
These  responses  occur  as  a  result  of  baroreceptor  induced  reflexes,  and  support 
the  findings  and  conclusions  reported  previously  (2,  5).  The  fact  that  the  mean 
blood  pressure  remained  stable  near  160  mm  Hg  and  then  recovered  to  about  180  mm 
Hg  by  the  end  of  the  15  sec  L-1  maneuver  reinforces  the  importance  of  performing 
this  protective  straining  maneuver  in  a  consistent  manner.  This  same  conclusion 
was  reached  by  Whinnery  (6)  who  showed  that  only  trained  centrifuge  subjects  had 
a  significantly  higher  G  tolerance  (  ^7  G  compared  to  ~  5.5  G)  when  performing 
L-1  maneuvers. 

Body  position  was  shown  to  have  a  very  pronounced  effect  on  G-tolerance  in 
relaxed  subjects  undergoing  acceleration  on  a  centrifuge  (6).  Without  the  aid 
of  inflated  anti-G  suits,  suhiects  in  an  upright  position  (at  a  15°  seatback 
angle)  had  a  G  tolerance  of  3.13  +  0.10  G  but  when  subjects  were  in  a  supine 
position  (at  a  60°  seatback  angle),  G  tolerance  was  enhanced  by  53%  to  4.8  + 
0.16  G.  When  the  anti-G  suit  was  inflated,  the  same  enhanced  protection  was 
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afforded  by  altering  the  body  position.  G  tolerance  went  from  4.3  ♦  0.06  G  in 
the  upright  position  to  6.2  +  0.10  G  in  the  supine  position  (7).  This  degree  of 
enhanced  protection  is  only  evident  when  human3  are  subjected  to  increasing  +Gz 
forces.  It  was  found  that  only  3.7 %  to  3-9#  of  the  total  blood  volume  was 
displaced  from  the  lower  extremities  into  the  central  circulation  when  anti- 
shock  trousers  were  inflated  sequentially  at  either  40  or  100  mm  Hg  (8).  This 
amounted  to  approximately  225  ml  of  blood  and  not  the  750  -  1000  ml  as 
previously  suggested  (9-11).  This  study  (8)  also  showed  that  when  the  abdominal 
bladder  of  the  anti-G  suit  was  inflated,  the  volume  of  olood  displaced  into  the 
central  compartment  increased  to  only  4.6J  of  the  total  blood  volume,  some  260 
ml.  Since  there  was  no  statistical  difference  in  the  blood  volume  displaced 
when  the  extern; -*1  compression  on  the  lower  extremities  and  abdomen  was  Increased 
from  40  am  Hg  to  100  mm  Hg,  we  can  project  that  the  same  amount  of 
redistribution  occurred  in  our  subjects  when  the  anti-G  suit  was  inflated  to  4 
psi,  some  210  mm  Hg.  At  1  G  this  small  volume  of  blood  redistributed  into  the 
general  circulation  may  account  for  the  lack  of  an  effect  on  the  pressor 
response  seen  during  the  L-1  maneuver  in  our  subjects. 

There  was  no  indication  that  the  effort  of  the  L-1  maneuver  became  less 
intense  as  the  experiment  progressed,  or  that  intercostal  or  abdominal  muscular 
fatigue  contributed  to  blood  pressure  and  intrathoraolc  pressure  changes  in  the 
different  body  positions.  The  electromyographic  activity  recorded  from  any  of 
the  groups  of  muscles  we  examined  remained  constant  throughout  the  experiment 
whenever  the  L-1  maneuver  was  performed.  There  was  no  indication  from  the 
integrated  (rras)  signal  that  fatigue  of  any  of  the  muscle  groups  was  occurring 
as  the  number  of  times  the  L-1  maneuver  was  performed  increased.  Typically,  as 
a  contraction  exerted  at  a  submaximal  tension  becomes  fatiguing,  there  is  a 
progressive  increase  in  the  amplitude  of  the  rms  signal  recorded  from  the 
surface  EMG  (12,13)  and  none  of  the  EMG  signals  recorded  from  our  subjects 
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showed  this  pattern.  There  was  no  indication  that  the  EMG  signal  recorded 
during  the  last  set  of  L-1  maneuvers  was  statistically  higher  or  lower  than 
those  recorded  from  the  initial  set  o':'  maneuvers.  It  is  also  important  to  note 
that  during  the  L-1  maneuver,  no  one  muscle  g-  up  was  more  dominant  than  another 
when  the  straining  with  whole  body  muscular  tensing  was  performed.  Altering  the 
body  position  of  the  subject  from  a  70°  spine-to-thigh  angle  to  a  105°  spine-to- 
thigh  angle  did  not  permit  the  use  of  larger  versus  smaller  groups  of  muscles  to 
predominate  during  the  straining  and  tensing  since  the  integrated  EMG  signals 
from  the  quadriceps  and  abdominals  were  the  same  under  the  four  spine-to-thigh 
angles  tested.  This  finding  is  also  corroborated  by  the  similar  changes  in  the 
intrathoracic  pressure  measured  during  the  different  body  positions.  If  one 
position  had  permitted  greater  use  of  the  abdominal  or  intercostal  muscles,  then 
higher  intrathoracic  pressures  would  have  been  recorded,  and  this  al3o  would 
have  been  reflected  by  differences  in  the  intra-arterial  pressures  recorded.  By 
limiting  the  tension  that  muscles  can  generate  during  the  straining  maneuver  to 
low  levels,  the  compensatory  effects  of  elevating  the  arterial  blood  pressure 
due  to  Isometric  muscle  contractions  (14-17)  has  been  minimized.  Many  studies 
have  shown  that  strength  training  will  increase  G  tolerance  (18-21),  and  that 
strength  training  was  more  effective  than  aerobic  training.  It  has  been 
suggested  that  the  limiting  factor  for  sustained  G  tolerance  is  the  failure  to 
maintain  high  levels  of  arterial  blood  pressure  sufficient  to  provide  adequate 
blood  flow  to  the  brain  due  to  fatigue  of  the  straining  maneuver  (2).  Our  data 
do  not  show  that  repeating  L-1  straining  maneuvers  over  a  2  -  3  hour 
experimental  period  leads  to  muscular  fatigue.  However,  it  must  be  kept  in  mind 
that  all  experiments  were  performed  at  1  G  and  that  the  added  exhaustive  factor 
of  perform ining  the  straining  efforts  under  high  G  levels,  as  would  occur  with 
subjects  on  a  centrifuge  or  engaged  in  aerial  combat  maneuvers,  is  not  seen  in 
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our  experiments.  The  muscular  tensing  that  is  performed  during  the  L-1  maneuver 
is  a  form  of  intermittent  isometric  muscular  contraction.  Tesch  et  al  (21) 
pointed  out  that  contractile  failure  of  the  leg  muscles  during  aerial  combat 
maneuvers  could  be  one  cause  for  pooling  of  blood  in  the  exercising  limbs  and 
compromise  venous  return  to  the  heart.  Our  data  show  that  muscular  tensing  of 
the  type  that  is  performed  during  the  L-1  maneuver  without  any  chest  fixation  or 
elevation  of  intrathoracie  pressure  (and  presumably  abdominal  pressures)  can 
elevate  the  arterial  blood  pressure  by  about  35  mm  Hg  (see  Figure  13).  This 
would  suggest  that  and  increase  of  1  G  tolerance  is  achieved  by  this  type  of 
activity  alone.  Since  our  subjects  were  able  to  generate  mean  blood  pressures 
that  were  almost  90  mm  Hg  higher  than  resting  levels  when  performing  the  L-1 
maneuver,  the  difference  in  the  increment  in  blood  pressure  can  be  attributed  to 
the  generation  of  high  abdominal  and  intrathoracie  pressures.  If  these  data  are 
compared  to  the  preliminary  information  presented  in  Figure  15  and  Table  3,  the 
effects  of  performing  high  tension  isometric  contractions  simultaneously  with 
the  L-1  maneuver  can  be  seen.  Clearly,  mean  blood  pressure  was  able  to  be 
maintained  at  a  higher  level,  especially  during  the  latter  stages  of  the  L-1 
maneuver,  when  isometric  handgrip  contractions  at  501  MVC  were  exerted  together 
with  the  L-1  maneuver.  The  elevation  and  maintenance  of  blood  pressure  in 
response  to  this  combination  would  project  as  being  able  to  enhance  G  tolerance 
by  another  1  G  above  that  which  Is  currently  possible  by  the  combination  of 
anti-G  suit  inflation  and  L-1  straining  maneuver  alone.  It  is  also  Important  to 
note  that  for  the  one  subject  who  performed  handgrip  contractions  at  an  even 
higher  tension  (701  MVC),  the  elevation  and  maintenance  of  blood  pressure  was 
even  higher,  and  would  project  to  having  a  2  G  tolerance  increment  above  that 
seen  without  the  simultaneous  handgrip  contraction.  The  possibility  that 
enhanced  G  tolerance  could  result  during  simulataneous  Isometric  contraction  of 
selected  muscle  groups  with  protective  straining  maneuvers  and  anti-G  suit 
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inflation  needs  to  be  explored  under  conditions  of  increasing  +Gz  acceleration, 

Conclusions 

The  data  from  this  study  indicate  that  generation  of  high  blood  pressures 
during  L-1  straining  maneuvers  is  not  affected  either  positively  or  negatively 
by  altering  subject  body  position  (i.e.,  from  spine-to-thigh  angles  at  70°,  8**°, 
9**°  or  105°).  This  would  suggest  that  alterations  in  the  pilot  seat 
configuration  In  current  or  future  high  performance  aircraft  for  other  reasons 
would  not  adversely  affect  the  G  tolerance  of  well  trained  aircrewmen. 
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Figure  7 

Relationship  Between  MBP  and  Esophageal  Pressure 
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Figure  9 

F.MG  Activity  of  Intercostal  and  Abdominal  Muscles 
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Figure  10 

KMC  Activity  of  Quadriceps  and  Calf  Muscle:; 
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TABLE  2 


Physiological  Responses  to  L~1  Maneuver  with  Seatback  at  60c 


Rest 

0-5  sec 

5-10  sec 

10-15  sec 

Recover 

HR  (bpm) 

89±5 

101±5 

122±5 

137+7 

103+7 

MBP  (rmiHg) 

104  +  2 

171—145 
±4  +5 

148  — +150 
+4  ±6 

l,o—172 
+  10  +8 

1 14±4 

Peso  CnmiHg) 

5  -4 
+2  +3 

99-70 
±9  ±8 

84  —  64 
+11  ±10 

79 -^O 
+12  ±8 

7  -2 
+3  +3 
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TABLE  3 


Effect  of  Simultaneous  Handgrip  Contractions  During  L-1 
Maneuvers  on  Mean  Arterial  Pressure 


During  L-1  Maneuver 


Best 

0-53 

5- 

-10s 

10-253 

Post 

153 

Control 

109  + 

2 

180  —  137 

151- 

—  138 

180—170 

1 1  1 

£ 

2 

+  4  +7 

+  9 

+  10 

+  9  +5 

Handgrl p 
at  30»MVC 

111  + 

3 

1  7  2—  1  4  8 

156 

-'-15  5 

17  7—168 

105 

£ 

2 

+  5  +7 

+  15 

+ 1  6 

+  15  +11 

Handgrip 
at  4  0  ?  m  V  C 

107  + 

3 

16  4—159 

167 

— ^  15  2 

170-170 

106 

£ 

2 

+  8  +7 

+  2 

+  1 

+  5  +5 

Handgri p 

1  0  ot+  1  6  3*  * 

>  M 

at  50  5&  M  V  C 

110  + 

4 

1  6  1 

—  15  7^ 

17  4L.19  4 

1  1  2 

£ 

3 

+  5  +9 

+  8 

+  6 

+7  ±13 

^  Not  significantly  different  from  corresponding  control  values 
(i.e.  L-1  maneuver  alone) 

*  P<0.01  from  corresponding  control  values 

*»  P<0.005  from  corresponding  control  values 

Note:  data  are  averages  +  S.D.  for  4  subjects 

data  at  different  s pine-to-thlGh  angles  (70°,  03°»  94°* 
105°)  combined 
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